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Red cell elec:rspﬁoretic movilities have been detzim-neé on cells from & bzboons
subjected to hemorrhagic shock and 2 baboons in E. coli sheck. Studies of cells
: -suspended both in saline and ig:their‘ngn<p1¢s showad elCctrophoreric mobility
: in hemorrhagic shock to-be unchanged from control values. Power function analysis
: { showad the maximtm undetectable change for cells measured in saline would be 5.7%,
: and in plasma 12.2%. Use of either n€parin or EDTA as antiroaguiant, or sbsence of
: } -anticoagulant, did not aifect ghe wmebilities of eicther contyol or shock celils. It
T is- concluded that Joss of red well electronegativity is not .an Important facter in
o3 prcéuciub ted cell aggrégation in Hemorrhagxh SuQCn, but that this may bz of signif-
i { icance in the septic shock. - ’
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Studies on the Effect of Shock on Red Cell
Surface Charge in Primates! 2
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introduction

The phenomenon of erythrocyte agrega-
tion or sludging hus been cobserved in a
number of types of shock, including septic
shock and traumatic shock, us riviewed
by Kxisty [19685]. Although KxisgLy
[1965] has stated that ‘simple hemorrhage”
does not give rise to intravascular red cel!
aggregation, recent microscopic observas
tions by VaNecko er al. [1969] have
revealed progressive erythrocyte aggrega-
tion in Rhesus monkeys subjected to
hemorrhagic shock with arterial pressures
of 20-60 mm Hg.
In vive red cells are known to repel one
another [sece KnistLy er al, 1960} and
numcrous investigatots have asked why
this property is lost in shock. Bruus and
Sxow {1950] have suggested that agglutina-
tion of erythrocytes is due to lowered
clectrical surface charge or individuai
cel’s, thus enabling adsorption ef celis onto
cach other. It is the purpose of this report
to look a1 the possible loss of electrostatic
repulsion as a fastor in producing the red
cell aggregation observed in shock.

Methods

Healthy make baboons ¢ Papio doguera § were used
after 2 Mday quararntine deriod. On the day of
study, they were sadated with phencyelidine
hydrochioride (Semylan) in a dose of | mghg.
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and catheiers were placed in the femoral aren
and vein, Samples of blood were collected in plain
glass lest tubes, and in tubes contining sodium
heparin (143 USP units/10 mi blood) or disodiam
EDTA (12 mgsl0 ml blood). The blood was
promptly diluted 1:100 in isotonic phosphaie-
butfered saline at pH 7.4 and clectrophoretic
muobility determingd within 15 min of the time of
blood collzction. Another set of blood samples
was centrifuged 20 separate cells from plasma
{or serum} and the ¢ells were resuspended in their
own plasma (serumy), again in a 1:100 dilution,
The animais werc then bled 10 3 mean arteria}
pressure of 68 mim Hg and maintained at that
pressure for { h: Ringer's lactate solution was
given as needed to maintain the pressure at that
fevel After 1 b, the pressure was lowered o 40 mm
by further blesding and mainiained at this kvel
for an additional hour, Blood samples were
obtained as before,
Two animals were also studied in septic sin ok,
fndiced by iv. injection of live £ cofi in a dose
of 10! organisms per kilogram. The £, coli were
grown from a strain of known scrotype under
constant conditions, and this dose was found to
uyniformly bring the auinals mean  arterial
pressure baiow 60 mm Hg withie | h. Sampies
were collected before and | h afier injction of
. coli,
Ekctrophoretic mobility was determined in a

{ From the Burcau of Medicine and Swrzery,
Savy Deparimeni, Raccarch Task No, MROD3.20-
02878,

2 The experirents were conducted according 1o
the principles enurciated in "Gride for Laboratory
Animal Faciiities and Care™.

3 The spinions or wssertions contained herein arce
thy private oncs of the author 3nd are not to be
ceastrued as ofticial or reflecting (he views af (he
Navy Depsrtment or the Kaval Senvice at large,
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commercially available Northrup-Kunitz cata-
phoresis appare(us (A. 1. Thomas Co.) similar
to that described by Asrasmsos 7 al. [1942). The
time for red cells to migrate 0.04 mm in an elee-
trical potential gradient of 2,86 Vicm was cwter-
miined for 10 cells from each sample. All measure-
ments were made in @ rooin maintined ae
25-C- L Plsma and serum visgosities were
measured in a cone-plate microviccometer (Breok-
ticld Laboratories, In¢.) at shear rates of 10-100
sec-t, on scrum and on plasma coliected in
heparin and EDTA at concentrations similer to
those described above.
Ervthrocyte surface charge is related to electro-
phoretic mobility by theequationQ 6=y {viE))
< 1077, where Q is the charge in C, 63 is a pro-
portionality factor from Stokes’ Law, r is the
radius of the rzd cell, v iS the viscosity of plasma,
and v .} is the clectrophoretic mobility {velocity;
potential gradient). 10-7 is a factor to comvert the
final 1esult to C. The formula must be considered
an appronimation as the factor 6 is exact only for
a sphere.

Results

Table [ shows the electrophoretic mobilitics
of red cells cbtained fsom 6 scparate ani-
mals bofore and after 2 h of hemorrhagic
shock =2s determined from red cells col-
lected without anticoagulont and with
cither hepsrin or EDTA. It can be seen
that in no case docs the shock cause a
statistically significant difference (at the
P = 005 jevel. A 3.way analysis of
variance, comparing ive effects of anti-
coagulant. shock. and .wimal variation,
shows that all of the observed variations
in red cell mobilities can be accounted for
by variation within replicaies and by
variation betwesn animals, Neither shock
nor anticoagviant (or absence of anti-
coagulant) accounts for any of the sbserved
uifferences. For this reason. data for
the non-anticoagulated. heparinized, and
EDTA-treated blood have been pooled
into the “overall” averages given in Table L
To detect uny changes in erythrocyle
chargr which might be related to looscly
adsorbed plasma components, mobilitics
of cells in their own scrum or plasma

were determined. These are also given in
Table L Again, no significant-differences
are observed. although EDTA measure-
ments border on significance at thie P == 0.05
level. A 3-way analysis of variance iagzlin
indicated that neither anticoagulafit nor
shock contributed to net viriation,
Table Il compares data from the 2 anifals
subjected to £, coli septicemia with the
hemorrhagic shock animals. We find that
while red cells in buffered saline show the
same mobilitics in both types of shock.
there is a substantial decrease in mobility
in the E. coli shock cells wher measured
in plasma. as compared to hemorrhagic
shock. Ahhough this difference is stadisti-
cally quite significant, with P-<0.005, it
must be interpreted cuutiously because of
the very small number of animais studied,
especially in view of substantial animal-to-
animal variability,

Mecasurcmients of plasma  and  serum
viscosity showed considerable animal-to-
animal variation, and the values can hence
not be determined with great precision.
The viscositics, which werc cssentially
independent of shear rate, were 1.3=21.08
cP (<S.E. of mean) for coatrol serum.
and 14 - 1.08 cP for serum from
hemorrhagic shock animals, a statistically

Yable 1. Mohility of red cells in <aline and plasma
in hemorzhagic shock

Arnti- Siate Mobility _ S.E..
coagulant amsec/ Viem

in saline In plama

Nene Control 133 -0043 127004
Shock 1.35-0063 1330060
Heparin Control 129 -0036 123 - 0071
Shock 1240039 1.23- 0060
EDTA Control  1.358-0033 (.57 - Q087
Shoek LI 00 123 -0072

Orerail Contral 1.32-0.019  1.31.0070
Shogk L3003 135 3089
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Tuble II. Red celi nwbility in hemorrhagic and
septic shock, as determined in saline and plasma

Type of shocl; Mobilty - S.E.,
Jamzsec;Veem
In saline in plasmii
Hemorrhagic 1.30:9.033 i35 0.0
Septic 1.37 20,049 1.13- 0049
pe n.s. 0.005

* P values based on Student °t7 test

non-significant  difference. Similarly, the
viscosity was not significantly different in
samples collected with heparin, EDTA. or
without anticoagulant.

Plasma ptl was determined before resus-
pension of red celis. Although all shock
animals became acidotic as determined by
anaervbic blood pH measurement. the
plasma Beeame somewhat alkalotic when
exposed to room air. The pH in room air
was found to be 7.7+-0.09 for control
samples, and 7.5+ 0,08 for shock animals.

Discussion

Our measurement of red cali mobility in
safine, 1.32-20.019 =2misec/Viem, is in
20d agreement with the values given by
ABRAMSOXN ef ol [1942] for man (1.31 amy
sec) and Rhesus monkey (1.33 amso)).
Our calculated values for red cell charge
are {(1.74=0.023) <1071 C for red cclis
in salive, and {1.76:0.063) ~ 1713 C for
red cclls in their own plasma. This laster
value is in good agreement with that or
Berxstowy and Castaxipa [1965] who
found that human red cells in plasma have
a2 net charge of 16 < 1G-B C.

In evaluating the outcome of 2n evperi-
ment whaose results may be considered
*‘negative” in the sense that the sought for

—

effect wus not observed. we nmust ask
whether our methodology was sensitive
enough to detect this effect. Statistically,
this is done by means of a *power function’,
which gives the probability of rejecting the
null hypothesis (that is, the hypothesis that
red cell mobility is unchanged in shock)
when the actual change in red cell mobility
is a given vaiue. Such an analysis shows
that a change 1t mobility of 0,088 umisec!
Viem. or 6.7°, of control, will be deiected
with 95%, certainty. From this. we may
concluds that red cell mobility in hemo:-
rhagic shock does not change by more
tazn 6.7°,. A similar analysis for the
erythrocytes in plasma indicates that &
change in mobility of 0.163 am:scc., or
12.2%, would be detected with 95°, confi-
tience.

We may also ask whether envthrocyvie
mobility. the guantity actually determined.
is directly related to the cell net charge,
the dosired quantity. We note that. in
addition 1o mobility. the viscosity of the
suspending medium enters into the cul-
culation of surface charge. Viscosity does
not change at all in the tase of red cells
in buffered saline, which was of tae same
composition throughout the experiment.
Also. our studics indicaicd no significant
change in plasma viscosity during shock.
The well-known changes in whole blood
viscosity in sheck ¢o not affect our
studics, in which the red ccll suspension is
sufficiently dilute that only plasma viscos-
ity need be considered. Thus. we may
consider that elecirophoretic mobility is
a direct measure of ezl churge, and we may
set muaximum limiis of 6.7 and 12.2°% for
the change of eryihrocyie surface charge in
hemorrhagic shock as measured in safine
and plasma. respectively.

We therefore conclude that ervthrocyte
aggregation observed in hemorrhagicshock
is unlikely to be due to changes in celt
surface ckarge. OxncrLey {1965] reached a
similar conclusion using n mather different
approach based on iso-hemagglutin in-
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duced aggregation. However, HISSEN er al.
{1966] have reported that heparinized dogs
subjected 1o hemorrhage show a net
decrease of red cell surfuce chuarge averag-
ing 259, for crythrocvies suspended in
plasma, but not for those in saline. This
difference from our results could possibly
be attribried either to species difference
or to the prior in vivo heparinization,
Finally, the possibility of decreased surface
charge promoting red cell aggregation in
septic shock remains, and is especially
interesting irs view of electron microscopic
observations by MERGENHAGEN . al.
[1969} of physical defects in the red cell
surface after treatment with endotoxin,

Summary

Red celi elecirophoretic mobilities have been
determined on cells from & baboons zubjected to
hemorrhagic shock and 2 baboons in £, coli shock.
Stedies of oells suspernded both in saling and in
their own plasma showed ekctrophoretic mobility
in hemorrhagic shock 1o be unchanged from
contral salues Power function analysis showed
the maximum undetectable change fer cclls
measured in saline would be 6.7 ° . and in plasma
123 =, Use of cither heparin or EDTA as antie
coagulant, ¢r absence of anticoagulant. did not
affect the mobilities of cither control or shock
czlis, It is concluded tha. oss of red cell clectro-
nezativity is nct an important-factor in proawing
red zell ageregsiion in hemorrhagic shock. bue
that this nuy be of significunce in the septic shock
wnimal,
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